Analyses of samples of kaolinitic, illitic, and montmorillonitic clay materials exposed to artificial sea water for periods of six months to five years have yielded some evidence to support the contention that chloritic and illitic clay types may ultimately develop from montmorillonitic material in the marine environment. However, no indications of the initiation or induction of any major lattice alteration of the original kaolinite and illitic type structures have been recognized on the basis of the data collected.
INTRODUCTION
Rivers carry colloidal, near-colloidal, and some sandy parts of topsoils and clays to the sea. Deposition of these finely divided materials renders significant contributions to the composition of marine sedimentary deposits and leads to the formation of the great river deltas. The mineralogical content of the transported terrestrial materials varies considerably in extent and in kind. Much of the finer material is often generally classified as alumino-silicate in type. Crystalline clay minerals of many structural forms are represented therein. However, the influence of these terrestrial source materials and of marine depositional environments upon the distribution of clay minerals in marine sedimentary deposits can not be extensively evaluated on the basis of existing information. Nevertheless, the importance of such evaluation as a key to environments of the past continues to stimulate the accumulation of information needed to attain this ultimate goal.
Clay minerals of kaolinitic, montmorillonitic, and chloritic structural types have been reported present in marine sedimentary deposits (Grim, 1953, p. 348-352; Grim and Johns, 1954; Van Andel and Postma, 1954) . Various depositional environmental influences have been emphasized by investigators in efforts to interpret the distribution of the clay mineral suites. Grim and Johns (1952, p. 7-14; have utilized considerations of early diagenetic processes to advantage in the interpretation of the clay mineral distributions in the bays and near-shore waters of the Gulf of Mexico. The alteration of montmorillonites to chloritic and illitic material by the ionic influences of sea water was mentioned. The possibility that illites may develop from montmorillonites was first suggested by Dietz (1941) .
Evidence for the probable alteration of illites to chlorites has been offered by Powers (1954) on the basis of studies of the surface sediments of the Chesapeake Bay area. Powers has also mentioned that a "chlorite-like" clay may develop from a montmorillonoid in the Atchafalaya Bay region of the coastal waters of the Gulf of Mexico.
Other concepts of alteration of clay minerals by ionic influences in the marine environment have also been postulated. For example, Grim, Dietz, and Bradley (1949) conclude that kaolinite is undergoing slow transformation, possibly to illite or chlorite mica, in marine sedimentary deposits of the Gulf of California and adjacent waters of the Pacific Ocean.
On the other hand Van Andel and Postma (1954) have utilized the results of the differential flocculation studies of Jeffrey (1953, 1953a) to advantage in the interpretation of the distribution of clay mineral types in the Gulf of Paria. On the basis of the materials studied, Whitehouse and Jeffrey conclude that illitic materials exhibit a tendency to settle slightly more rapidly than kaolinitic materials in saline water as a consequence of the induction of different degrees and rates of flocculation by the action of sea water of the same ionic composition and same ionic strength. Further, these investigators find under similar conditions that montmorillonitic clays tend to settle much more slowly than illites and kaolinites and increase in settling rate quite gradually as the ionic strength of the sea water increases. In mixtures of clay types, illites and montmorillonites were observed to interact to a small degree and thereby modify the settling tendencies. The modifying influences of initial particle size distribution and water temperature were also considered in these studies.
Other investigators, including Weaver (1958) , have not found it necessary to postulate any maj or structural changes in clay minerals in order to account for the distributions of such materials in natural environments. The influence of source area and materials is considered to be of much greater significance than possible depositional environmental effects in the interpretation of the origin of clay minerals in sedimentary rocks. From this point of view, the maj or portion of the sedimentary clay materials may be described as detrital in origin.
In contrast, however, Glass (1958) , in a study of the Pennsylvanian sediments in southern Illinois, asserts that differences in composition of clay minerals reflect differences in depositional environments and differences in postdepositional histories, as well as differences in source areas.
The studies discussed herein represent an attempt to determine whether the major ionic components of sea water initiate any transformations of clay types along the transportation path from source to site of deposition. The work is, of course, limited to the detection and approximate measure of those extents of alteration that can be recognized by periodic sampling during the lifetimes of the investigators concerned. The discussion which follows lists and discusses, in part, the most significant results obtained from studies of the exposure of some kaolinitic, illitic, and montmorillonitic materials to different artificial sea water media over a period of five years.
Artificial sea water was chosen in preference to actual sea water in order that any alterations observed could be specially related to inorganic ionic influences. The use of actual sea water would require consideration and detailed study of the possible contributory influences of organic ions, colloidal electrolytes, and microbiological forms or entities.
These studies follow the philosophy of the physico-chemical approach to marine sedimentation problems introduced by Jeffrey (1951-1952) . Such approach emphasizes studies of selected simple units under limited variations of selected parameters in a system that stimulates, in part, marine conditions. These systems are later made more complex at a rate commensurate with the developed understanding of the conditions of less complexity. In this way, some information regarding the more probable magnitudes and directions of some alterations that may be induced by, or that may have resulted from, shifting environmental conditions can be obtained.
As this knowledge accumulates, more and more reasonable explanations and conjectures can be made on the basis of direct examinations and analyses of existing components within sedimentary deposits, in conjunction with measurements of the dynamic and biological processes in specific marine environments. It is hoped that such studies will help shape the key to the present and the key to the present is the key to the past. Professor R. E. Grim of the University of Illinois contributed advice on clay mineralogy and furnished some of the illitic clay materials studied. Professor G. W. Kunze of the Agricultural and Mechanical College of Texas rendered assistance in the x-ray diffraction analysis of the reference clay materials.
Miss Lela M. Jeffrey of the Agricultural and Mechanical College of Texas selected the organic materials cited in this work and performed the experimental work upon which the extent of adsorption of carbohydrates by the reference clay materials was based (Whitehouse and Jeffrey, 1953a) .
GENERAL DISCUSSION

Terminology
The term diagenesis is utilized herein in accordance with the definition given by Twenhofel (1950, p. 276) . When so defined, diagenesis includes all modifications that sediments undergo between deposition and lithification under conditions of temperature and pressure that are normal to the surface or outer part of the crust and, in addition, includes those changes that take place after lithification under the same conditions of temperature, provided these latter changes are not katamorphic in character. Changes of an anamorphic character that are due to temperatures and pressures are excluded.
As far as marine sedimentation processes are concerned, any chemical changes in clay minerals that occur or that are induced by the ionic or other constituents of sea water along the transport path to site of deposition, or at the site of deposition, may initiate or restrain any later possible alteration of the source material. Such initiation or restraint may exert its influence for a moment or for millions of years. Consequently, if such chemical changes increase in degree with time and thereby promote and govern subsequent chemical changes, eventually leading to alterations of the lattice structures of the source clay materials, then such alterations were initiated by the constituents of the sea water. That is to say, diagenesis is not necessarily initiated by the environment in which the diagenetic product is recognized as a discrete form. Initiation of the formation of the product may have occurred in a much earlier environment to which a terrestrial source material was subjected. One such earlier environment that may exhibit pronounced influence on clay mineralogical changes throughout geologic time is the transport path through and beyond a transient fresh water-saline water interface.
However, the term diagenetic modi]ication is herein applied only to material which develops from the reference clay materials to an extent such that distinct differences in chemical composition, lattice structure, and crystalline habit and type result. Material that differs from the reference material only in the types of ions in ion-exchange positions or that differs only in cation-exchange capacities is not considered a diagenetic modi/ication.
Ion-exchange phenomena may be considered initiators o[ diagenesis whenever diagenetic modi/ications develop from ion-exchange products formed under the same environmental conditions. Further, as the nature of the diagenetic modifications that form in one environment may often be a reflection of the ion-exchange products of an earlier environment, the probable influence of the ionic components of the earlier environment as initiators of the diagenetic transformation can not be ignored.
Emphasis in this paper is placed upon the description of those major diagenetic modijications of the reference materials that were actually separated from the bulk of the treated reference materials after three to five years exposure to artificial sea water. Some ion-exchange data are listed and generally discussed, but no attempt is made herein to define the mechanisms or rates of such change. Extensive study of these data in this regard will be undertaken by the authors and any quantitative interpretations that result will be submitted for later publication.
Materials
Clay materials from terrestrial sources were employed as the reference clay materials in these investigations. Samples of marine deposits from the nearshore waters of the Gulf of Mexico served as the source of the marine clays cited herein for comparison purposes.
Kaolinitic, illitic, and montmorillonitic reference clay materials were studied. The kaolinitic clays include materials from Bath, South Carolina, and Macon, Georgia. The illitic clay materials represent deposits near Fithian, Illinois, and Point Chevreuil, Louisiana. The montmorillonitic clays include materials from Upton, Wyoming, Polkville, Mississippi, and Gallup, New Mexico.
All clay mineral fractions separated and employed as reference materials were identified as to type by chemical analysis, electron microscopy, thermal analysis, x-ray diffraction, and electron diffraction. Further, only samples that met the peptization resistance factor test conditions of Whitehouse and Jeffrey (1955) for terrestrial types were employed as reference materials. Similarly, all samples of marine clays selected for comparison purposes were classified as marine types in terms of the peptization resistance factor test.
Complete analytical data for the studies of all the clay materials cited are not given herein but representative data for the treatment of three different types of clay minerals are presented. Any significant differences in results for materials of the same clay type but of different chemical compositions are mentioned, however, in the section on experimental results.
The reference clay materials were classified as to type on the basis of the following general and specific characteristics.
(a) Kaolinitic clays (Bath, South Carolina) : density, 2.55 to 2.58; cationexchange capacity, 3.3 to 3.6; lattice spacings, 7.1A, 3.58A, 4.12-4.17A; thermal analysis, dip at 585 ~ to 600~ peak at 950 ~ to 1000~ chemical composition (percent), SiO~ ~5.38, A1203--38.24, Fe2Oa~.19, FeO--0 .0, MGO--0.16, CAO--0.28, Na20---0.60, MnO--0.0, K20--O.42, TIO2--0.76, ignition loss--14.01, (+) H20--13.18; electron microscopic appearance (Fig. 1 ) SIO2--:-51.06, A1203--16.45, Fe203--1.41, FeO--0.27, MgO 5,.15, CaO --2.25, Na20~.15, K20--0.49, MnO--0.01, TIO2--0.29, ignition 1oss--23.25 , (+)H20---7.92; electron microscopic appearance (not shown herein), fibrous, forming dense aggregates with fluffy, irregular edges.
(e) lllitic clays (Fithian, Illinois) : density, 2.68 to 2.74; cation-exchange capacity, 26 to 36; lattice spacings, diffuse 10A, 4.48A, 3.31A, 17-18A (glycol) absent; thermal analysis, dip at 590 ~ to 600~ couple 1 at 900~ slight flexures near 700~ no thermal peak near 1000~ chemical analysis (percent), SiOz---52.75, A1203--24.83, Fe203--4.12, FeO--0.26, MGO--2.29, CaO -~).32, Na20~.35, K20--5.71, MnO--0.0, TiO2~.62, ignition 1oss--8.79, (+)H20--7.94; electron microscopic appearance (Fig. 3) , irregular thin flakes, forming dense aggregates with distinct, irregular outlines.
(f) lUitic clays (Point Chevreuil, Louisiana) : density, 2.75 to 2.86; cationexchange capacity, 22 to 27; lattice spacings, diffuse 10A, 4.45A, 3.35A, 17-18A (glycol) absent; thermal analysis, dip at 550 ~ to 590~ couple at 900~ flexure at 710~ no thermal peak near 1000~ chemical analysis (percent), SiOz--50.72, A1203--25.84, Fe2Oa 4.57, FeO--1.21 , MGO--2.65, CAO--0.15, 1 A small endothermie dip immediately followed by a small exothermic peak. Na20--0.17, K20---6.14, MnO--0.0, TiOz--0.45, ignition loss---8.49, (+)H20 --8.28; electron microscopic appearance (not shown herein), irregular thin and lathlike flakes, dense aggregates with irregular and elongated outlines.
The marine clay mineral fractions employed for comparison purposes represented bottom deposits in the Atchafalaya Bay, Louisiana, region south of Point Au Fer and in the near-shore waters of the Gulf of Mexico, southwest of FI6UaE 1.--Reference kaolinitic clay (Bath, South Carolina). , F e O~. 7 9 , MgO--7.80, CAO--0.57, Na20--1.42, K20 --0.85, MnO--0.02, TiO2~.21, ignition loss--12.76, (+)H20---8.65.
The artificial sea water and other inorganic ionic media were prepared by the use of distilled water and A.C.S. grade chemical materials. In some systems one part per million mercuric chloride or a drop of formalin solution was added 1o the water to minimize any microbiological interferences that might develop as a result of exposure of the saline solutions to air over long periods of time. The composition of the sea water employed is shown in Table 1 . The total salt composition of the sea water was varied in many systems but the same ionic ratios were maintained. Dilutions of the composition shown in Table 1 are therefore indicated herein in terms of the chlorinity in grams per kilogram of solution. Variations of the sea water with and without heavy metal cations and with and without calcium or strontium ions were employed. This artificial sea water differs to some extent from the conventional and often employed solutions of Lyman and Fleming (1940) but it was considered sufficiently representative with regard to the major ionic components of actual sea water for the purposes of the studies involved.
The carbohydrate materials employed were raffinose and fucoidin. Solutions of the trisaccharide, raifinose, were made from distilled water and artificial sea water using the Mathieson Company's raffinose hydrate.
Fucoidin, which is a sulfuric ester of a polysaccharide, was prepared from the giant kelp, Macrocystis pyri/era, by the techniques first described by Kylin (1913) and later modified by Percival and Ross (1950) and Conchie and Percival (1950) . Fucoidin, upon acidic hydrolysis, gives rise to pentoses and methyl pentoses, particularly fucose. The adsorption of this material and other carbohydrates by clay materials settling through artificial sea water has been discussed by Whitehouse and Jeffrey (1953a) Experimental Methods Clay Saline Water Systems.--Ten-gram portions of the source clay materials were mixed with distilled water and fractionated by gravitational settling and pipette extraction methods. The < 4 micron fraction was removed and subjected to additional pipette analysis to obtain the < 2 micron fraction. The final material was examined by electron microscopy and x-ray diffraction for traces of quartz and alumina. Repeated fractionation rendered the materials apparently free of quartz and alumina. The materials so obtained were employed as re]erence clay mineral types. The reference clay materials were then subjected to oven drying at 45~ weighed, and wetted with sodium carbonate solution (pH = 8). In some cases, filtered Brazos River, Texas, water was employed in place of the sodium carbonate solution.
Two grams or less of reference material was then added to a liter or less of artificial sea water or other ionic solution and the mixture agitated at a rate of 14,000 r.p.m, for twenty minutes. The clay material was then allowed to settle to the bottom of the vessel. In many systems, additional clay material was added to the same water. The mixture was then reagitated and the clay material allowed to settle again. In order to study the effect of bulk of clay material upon any resultant alterations of the clay materials, 50 to 100 grams of reference material was added to some containers by repeated additions of mass equivalent to an additional concentration of 2 grams per liter. However, vessels with volumetric capacity from 250 milliliters to 20 liters were employed as test chambers. The chambers were open to the atmosphere during the entire length of the experimental runs. Porous cloth covers were used on some chambers for protection from atmospheric dust. Any influence of evaporation of the solution was minimized by dropwise addition of distilled water at daily or weekly intervals.
Similar studies were made by placing wet reference clay material within the test vessel before the addition of the saline solutions. The artificial sea water was then slowly poured into the vessel and the system allowed to stand without agitation.
The effects of reagitation of the clay material at frequent intervals were also investigated. These experimental runs were motivated by interest in the effects of resuspension of bottom deposits in the marine environment upon any observed alterations of clay in the static systems. Finally, a carbohydrate material, fucoidin or raffinose (see preceding section on Materials) was added to the artificial sea water, prior to preparation of some of the clay-artificial sea water systems. In other experiments, the clay material was first settled through dilute sodium carbonate solution containing raffinose or fucoidin before exposure to artificial sea water.
At intervals of six to eight months during a five-year period, samples of clay material ware removed from some of the test chambers and subjected to clay mineralogical examination techniques. Such techniques included chemical analysis, electron microscopy, electron diffraction, cation-exchange capacity, and x-ray diffraction. Thermal analysis was utilized only in the characterization of the reference clay materials. Sampling of other similar systems was confined to the end of an experimental run of one to five years.
The clay materials removed from the test chambers were first washed and reagitated in some of the supernatant sea-water solution in an effort to remove free carbonates. Whenever possible, separations of material with different gravitational settling rates were made by repeated pipette extractions. In some cases, 500 to 900 such fractionation steps were utilized on the same sample during periods as long as three months. The extracted clay material was then washed with 0.01 N sodium carbonate solution to remove soluble salts and to minimize loss of calcium from the clay before analysis.
Laboratory temperatures during the period of the studies were in the 22 ~ to 28~ range.
Techniques of mineralogical examination included chemical analysis, x-ray diffraction, thermal analysis, cation-exchange capacity, density determinations, electron microscopy, and electron diffraction.
(1) Chemical analysis data were obtained by use of the procedures described by Bowden (1949) and Hillebrand and others (1953) .
(2) X-ray analysis results were obtained using Philips x-ray diffraction equipment, supplemented by Geiger counter x-ray spectrometric attachments. A copper target tube with a nickel filter was employed. Oriented aggregates of the clay material were formed by allowing the material to settle from suspension upon a glass slide.
(3) Thermal analysis data for the reference materials were obtained according to procedures described by Grim (1951) .
(4) Cation-exchange capacities were determined by the method of Coffman (1946).
(5) Apparent densities of the reference materials were determined by the pycnometer method.
(6) Electron microscopy information was obtained by two different procedures. RCA EMU-2D equipment was employed. Size calibration of the observed fields was facilitated by use of silica and carbon replicas of a diffraction grating having 30,000 -I ruled lines per linear inch.
For general mineralogical examination, small amounts of clay material were settled from a drop of dilute suspension upon Formvar film covering one-eighth inch diameter, copper, 200 count, Lektromesh specimen screens. The Formvar films were prepared by casting drops of a 0.2 percent solution of Formvar in ethylene dichloride upon distilled water surfaces. The mounted materials were allowed to dry in a calcium chloride desiccator before examination. Shadow casting was not employed to enhance contrast of the samples, as the deposited metal interferes with the electron diffraction examinations that were made on the same samples. At least twenty separate portions of each sample were examined. Kodak standard lantern slide plates and Kodak Kodalith plates, which are useful for the purpose of enhancing contrast, were employed to record the observations. Shadow casting often obscures fibrous edges of montmorillonitic aggregates.
The electron microscopy technique employed in the flocculation studies of montmorillonitic clay cited herein was a modification of the critical point technique applied by Anderson (1951) to minimize surface tension effects during the drying of biological specimens prior to electron microscopy examination. This method utilizes the fact that a liquid may be changed completely and imperceptibly into a gas without the formation of liquid-gas phase boundaries if the liquid under pressure is heated to its critical temperature. The use of such a technique for the preservation of the three-dimensional structure of matter during drying was previously emphasized by Kistler (1932) in a study of aerogels.
In the study of clay materials in saline water, Anderson's procedure was altered only to the extent that the mounted specimen was first passed through a series of saline water-ethyl alcohol mixtures rather than a series of distilled water-ethyl alcohol mixtures. In every case, the saline water employed was of the same composition and ionic strength as that of the water through which the clay material was settled.
The series of saline water-ethyl alcohol mixtures increased in concentration from five percent by volume alcohol to pure alcohol. The specimens were then passed through a similar series of ethyl alcohol-amyl acetate mixtures increasing in amyl acetate concentration from five percent by volume to pure amyl acetate. Finally the specimens were placed in a pressure chamber and flushed with liquid carbon dioxide at 25~ The bomb was then closed and filled with liquid carbon dioxide, and warmed to 34~ At the pressure employed, the carbon dioxide passed through its critical point at 31~
The bomb was then gradually opened to release the compressed carbon dioxide gas and the specimen removed and placed in a vacuum desiccator to await examination.
This technique gave reproducible results that are apparently relatively indicative of different types of clay aggregation. Freeze-drying techniques (Wyckoff, 1946; Williams, 1953) were tried but no indicative or reproducible results were obtained. Such methods suffer from the effects of the movement of two different phase boundaries through the material during freezing and sublimation, i.e., ice-liquid water boundaries and ice-water vapor boundaries. Further, the frozen drop of suspension is often thick enough to introduce random piling of clay material after sublimation of the ice, which alters the lateral appearance of the already distorted states of aggregation.
(7) Electron di[fraction information was obtained by both transmission and reflection electron diffraction. The general electron diffraction facilities of an RCA EMU-2D electron microscope were employed for the total field examinations of the one-eighth inch diameter specimen fields. However, selected area transmission diffraction equipment of RCA EMU-2E design was used in the study of small amounts of material localized in some of the more heterogeneous fields.
Calibration of the electron diffraction equipment was made by recording and interpreting diffraction patterns for gold films, 30A thick, and for magnesium and zinc oxides.
Electron diffraction proved very useful for the examination of small amounts of material and can be utilized for spacings up to 22 to 24A. It is best suited for the detection of spacings of lesser magnitude, however. The requirement that specimens be examined in a vacuum is a disadvantage in some cases, but examination exposure times which are of the order of seconds facilitate the handling of a large number of samples in a short time. Secondary charge neutralization is often required for best results. Checks on the calibration constant are frequently necessary and any elliptical nature of the pattern must be considered in measurements within the pattern. Relative intensities of reflections may be estimated by the microdensitometer method.
EXPERIMENTAL RESULTS
General
Some influences of cation molar pair ratios upon the flocculation of the reference clay materials are indicated in Table 2 . Representative progressive changes in the chemical composition of selected reference clay materials exposed to artificial sea water over periods of 54 or 60 months may be noted by reference to Tables 3, 5 , and 7, of the following detailed discussions. These data apply to static systems, i.e., systems formed by flocculating and settling the clay material with initial agitation only. The artificial sea water involved had a chlorinity of 19 and a pH of 8.2. Changes in cation-exchange capacities are also listed on these tables.
Observations of lattice spacings that differ markedly from those of the reference materials are summarized in Figure 3 of the following discussion. These observations are confined to montmorillonitic reference clay-sea water systems.
As previously indicated, the electron microscopic appearance of reference kaolinitic, illitic, and montmoriUonitic clay materials are shown in Figures 1, 
Kaolinhic Clay Materials
No evidence for the diagenetic modi]ication of kaolinitic clays was obtained.
Changes observed were confined to alteration of the chemical content of the alkali and alkaline earth cations. However, no significant variations in cationexchange capacities were observed. The lattice spacings of the reference material were maintained throughout the experimental periods of five years. Indications that the edges of kaolinitic aggregates may become more irregular with time were noted in the electron microscopic examination of some samples but these observations were too few to warrant definite conclusions in this regard. The data obtained for static systems and for systems that were frequently agitated were relatively identical. Chemical composition changes are shown in Table 3 . Changes become almost complete during the first six to eight months of exposure to artificial sea water. In fact, these changes were found to have reached a 90 percent degree of completeness within 24 hours after exposure to the sea water. The extents of the chemical alterations were observed to be the same over a sea water chlorinity range of 2 to 19 grams per kilogram. Further, no evidence for a bulk effect of the settling clay upon these alterations was found over a clay concentration range of 2 to 20 grams per liter of artificial sea water.
The dominant chemical alteration that occurred was a three-to fourfold increase in the analytically determined magnesium oxide content and a decrease in similarly determined values of the oxides of calcium, sodium, and potassium. The interrelationships of changes in these quantities are more readily recognized by reference to Table 4 . Throughout the period of exposure, ratios of silica to alumina and silica to R203 remain virtually constant. Silica to magnesia ratios are also constant after an exposure of six to eight months. In contrast, readjustment of the ratios between the oxides of sodium, calcium, and potassium apparently occurs during the period from eight months to sixty months. Potassium and sodium values decrease in amount and potassiumsodium ratios approach a 1:1 equilibrium. Calcium content increases.
In order to qualify the influences of particular interrelations of some of the inorganic ionic constituents of sea water upon the alterations of clay minerals, investigations of related ionic systems of fewer components were initiated. In Table 2 , cation pair molar ratios that induce maximum flocculation of the reference clay materials are listed. Flocculation was expressed in terms of a settling velocity determined by pipette analysis (Whitehouse and Jeffrey, 1953) . These ratios are based upon a 0.01 molar concentration level for the constituent in lower concentration. The kaolinitic clay-saline solution systems attain maximum instability at relatively low concentrations of the cations concerned. The independence of kaolinitic clay chemical compositional changes relative to the ionic strength of sea water over the chlorinity range of 2 to 19 grams per kilogram would be anticipated on the basis of these data if such changes are primarily initiated during the flocculation and settling of the clay material. In accord with the Schulze-Hardy rule (Hardy, 1899) , magnesium and calcium cations are most effective in inducing flocculation. However, the relative molar content of magnesium to calcium in sea water is of the order of five to one. On the other hand, the relative molar content of sodium to magnesium is of the order of nine to one. Consequently, it seems reasonable that sodium in ionexchange positions on the clay will effectively resist displacement to appreciable extent during initial flocculation stages and associated settling of the clay ma-terial. The observed increasing influence of calcium with respect to sodium and potassium after deposition or after prolonged exposure to artificial sea water is also ~reasonable.
Studies which involved systems formed by pouring sea water upon previously deposited wet clay material yielded results that support the contention that initim flocculation of the clay significantly influences the extent of alteration of the clay. In such systems, random compositional changes in the alkali and alkaline earths occurred but the magnitudes of such changes were less than ten percent of similar changes noted in the flocculated and settled systems. The most significant difference was an increase in calcium content initially and a corresponding decrease in sodium and potassium content. The content of magnesium remained virtually constant.
1llitic Clay Materials
No evidence for diagenetic modification of illitic clays was obtained. However, as in kaolinitic clays, some chemical alterations occurred that may be related to the influence of the ionic constituents of sea water during the process of flocculation and settling of the clay materials. The lattice spacings and electron microscopic appearance were not significantly altered during the periods of exposure to sea water.
The chemical compositional changes that occurred are listed and related in oxide ratio form in Tables 5 and 6 . The listed changes in alkali and alkaline earth content developed to a stage of 75 percent completeness within 24 hours and were essentially complete after six to eight months of exposure to artificial sea water. As in kaolinitic clays, the magnesium content increased and the sodium and calcium contents decreased. However, the potassium content significantly increased rather than decreased and no tendency for adjustment with other ions was noted. The water content of the clay material was also decreased to appreciable extent. Further, calcium content did not increase with respect to sodium after deposition. These results are in relative accord but are not readily predicted from the cation pair flocculation data for illitic clay materials listed in Table 2 . The magnitudes and types of chemical alteration were observed to be the same over a sea water chlorinity range of 2 to 19 grams per kilogram. No bulk effect of the clay material was detected over a clay concentration range of 2 to 20 grams per liter.
Frequent agitation of the illitic clay-saline water systems did not influence the relative magnitudes of the over-all chemical changes after six to eight months exposure but did promote a more rapid uptake of potassium during the first two months, i.e., from 5.71 to 6.12 percent compared to 5.71 to 5.87 percent in non-reagitated systems.
A very slow uptake of potassium, i.e., from 5.71 to 5.91 percent over five years, with corresponding decrease in water content and sodium content, was the most significant change noted in systems formed without flocculation and settling of the clay material.
These data also support the contention that flocculation processes influence the type and rate of ion exchange that occurs when clay material is subjected to saline water transport.
Montmorillonitic Clay Materials
Evidence was obtained for the development of diagenetic modijications of montmorillonitic clay materials in artificial sea water. These observed modifications were of illitic and chloritic type. The evidence included the detection of pronounced alterations in chemical composition and the recording of lattice spacings that were not characteristic of the reference clay material. This information was supplemented by electron microscopic observations of distinct changes in the physical appearance of the reference clay material as the time length of exposure to artificial sea water increased.
Clay materials with different chemical compositions and different physical and lattice characteristics were separated by gravitational settling from montmorillonitic clay-saline water systems which had aged 36 to 40 months. These separates were not necessarily discrete or fully developed diagenetic products. However, the degree of alteration observed could not be explained on the basis of ion exchange at the surface of the clay micelles. Lattice alteration and recrystallization are apparently involved. Each of the separates had distinctly different clay type characteristics.
Observations of changes of some of the lattice spacing characteristics of montmorillonitic materials upon exposure to inorganic ionic influences at room temperature and pressure have been reported by others, but the development of separate clay mineral type fractions of different physical appearance from the same starting material has not been previously reported. Volk (1938) , Aleshin (1948) , Caill~re, H6nin, and M6riaux (1948) , and Barshad (1950) have indicated that a material with illitelike lattice spacing characteristics can be produced from montmorillonitic material by saturating the ion exchange positions of the montmorillonites with potassium ions. Further, Calli~re and H6nin (1949) and Barshad (1950) have reported the development of chloritelike lattice characteristics by exposure of montmorillonitic material to the influence of magnesium ions. These observed alterations of montmorillonites to material having chloritic spacing character were reversible to an appreciable extent. In most cases, these previously observed changes in lattice spacings could be explained on the basis of the conversion of the expanding lattice of montmorillonite to a nonexpanding lattice by ion exchange between the unit layers of the montmorillonite lattice.
The clay alterations observed in the montmorillonitic clay-saline water systems up to an age of 15 months may be dominantly a consequence of ionic replacement in interlayer positions of the reference montmorillonitic material. Later alterations, however, can not be explained on this basis alone.
Representative chemical data for montmorillonite-saline water systems are listed in Table 7 . Oxide ratios are listed in Table 8 and shown in Figures 4 and 5. Chemical data for clay mineral separates (i.e., $1, $2, etc.) collected by gravitational fractionation are listed in Table 9 . Oxide ratios for these separates are listed in Table 10 and shown on Figures 4 and 5.
Changes in the lattice spacing characteristics of the total clay mineral content of the systems are summarized in Figure 6 . These data are based upon the combined results of electron diffraction and x-ray diffraction examinations. The wedges outline the maximum and minimum relative intensities observed, during twenty different experimental runs with the same reference material, for dominant spacings in the range 1.4 to 25A. 6.4 -6.5 6.4 -6.5 6.4 -6.5
I Ratio of weight percents within 2 From Upton, Wyoming. 3 R,~O~ = A120~ "4-Fe203.
total sample.
The chemical data in Tables 7 and 8 show that the initial stages of clay alteration are characterized by an over-all increase in magnesium and potassium content and a decrease in sodium, calcium, and water contents. Table 9 reveals that two different solid phases were separated at an age of 18 to 24 months even though reproducible chemical analyses (Table 7) were realized on separate portions of the total clay mineral content of the system. These results indicate the presence of a homogeneous clay mineral mix at this stage rather than a uniform mixed-layer material. More than 600 consecutive pipette extractions were required to effect this separation, however. this stage did not substantiate the development of a trioctahedral clay mineral form. In Table 10 , however, this separate, $2, shows a significant decrease in the SiO2 :A1203 and Si02 :R208 ratios relative to the reference montmorillonitic material. This decrease may be a consequence of ionic replacements in both the tetrahedral and octahedral layers. In contrast, however, these ratios in separate $1 are slightly higher than corresponding ratios in the reference montmorillonite. Consequently, observed differences may only reflect localized imper 7 fections in the original montmorillonite lattice.
During periods of exposure from 36 to 60 months, more pronounced changes in the clay mineral content of the montmorillonitic clay-saline water systems occurred. Separation of three different solid phases was realized at a system age of 36 months, followed by separation of five and four different phases at ages of 48 months and 60 months, respectively. The data for these separates are shown in Tables 9 and 10. In general, more fully developed chloritic and illitic phases develop with time but the total alteration of clay type tends to level off at about 21 to 23 percent.
Figures 4 and 5 outline the progressive modification of the reference montmorillonitic clay in terms of the oxide ratios, R203:MgO and R2Os:K20. The curves illustrate one way in which the phases could interact or undergo further separation to facilitate the development or recognition of different phases at a later age. A large decrease in the R203:MgO ratio indicates magnesium enrichment of the reference material. However, the detection of sharp peaks at 7.1A and 3.5A in the lattice spacing data (Fig. 6) suggests the possible development of a chloritelike phase. Increases in the diffuseness of spacing reflections in the 4.6 to 5.2A and 12 to 18A positions are also in accord with such development. X-ray diffraction techniques involving glycol treatment and magnesium and potassium saturation did not, in this case, reveal the characteristic 14A chloritic clay spacing. Consequently, the altered clay material at this stage might be considered either an intimate mix of a magnesium-enriched reference montmorillonite and a "swelling" chlorite, or a partially developed chloriticmontmorillonitic material.
Later separates, which are characterized by further decreases in the R203" MgO ratio, represent the progressive development of a more fully developed chloritic phase. The five-year development of this phase is marked C on Figures 4 and 5, and $3 (8.6 percent) in Tables 9 and 10. I and M in Figures 4 and 5 designate separates of fifth year age with dominant illitic and montmorillonitic characteristics, respectively. X represents a separate of indeterminate clay mineral phase from which additional chloritic and illitic material may separate or develop at a later age.
A significant decrease in R203 :K20 ratio relative to the reference montmorillonite characterized one of the separates isolated after twenty months of exposure to artificial sea water ( Fig. 2 and Table 10, $2). This same separate was characterized by a decrease in RzOa:MgO ratio. The other separate, $1, was similar to the reference montmorillonite, with slight enrichment in both magnesium and potassium.
Lattice spacings characteristic of illitic material began to appear at a system age of 24 to 34 months (Fig. 6 ) and increased in intensity with age. Appearances and modifications within the spacing pattern near 3.3A, 2.0A, 5.0A, and 10A were observed. The progressive development of illitic material to a discrete illitic separate of 3.4 relative percent is outlined in Figures 4 and 5 and in Tables 9 and 10. These data represent studies based upon reference montmorillonitic material from Upton, Wyoming, but similar results were obtained in corresponding studies of montmorillonites from Polkville, Mississippi, and Gallup, New Mexico. The final separates of fifth year age from the Mississippi montmorillonitesaline water systems included 78.8 percent montmorillonitic, 7.3 percent chloritic, 3.6 percent illitic, and 9.3 percent indeterminant material. Studies of the Gallup, New Mexico, montmorillonite yielded 75.4 percent montmorillonitic, 9.2 percent chloritic, 3.7 percent illitic, and 11.7 percent indeterminant materiaI of fifth year age. Electron microscopic observations gave striking support to interpretations based upon the chemical, electron diffraction, and x-ray diffraction data.
All montmorillonites examined by the authors were basically composed of fibrous materials. The threadlike nature of Upton, Wyoming, montmorillonite is shown in Figure 2 . The width of the smallest observed strands of montmorillonite thread was of the order of 20A. Such strands may represent a chainlike assembly of montmorillonitic flakes consisting of no more than five to ten unit cells per flake. The montmorillonitic threads appear to interweave and some of them stiffen to form aggregates that give a fluffy particulate or a platelike appearance when dried and subjected to electron microscopic examination.
Specific orientation of montmorillonitic threads, which may result from di-FIGURE 8 . -Chloritic "threads" and magnesium-enriched montmorillonite in 36-60 month separates.
FIGURE 9. --Chloritic "thread development" from montmorillonite in 36-60 month separates.
rectional strains within the lattice or by variations in the type of ions in ionexchange positions, may produce lathlike or "stiff thread" forms of montmoril- lonite. This seems to occur in the development of the magnesium-enriched phase shown in Figure 7 . However, some of these threads or laths are eventually observed to extend from or "grow" out of the enriched magnesium phase. Such observations are recorded in Figures 8 and 9 . These "growing fields" were observed in all chloritic separates or chloritic-illitic separates of system age greater than three years. Separate strands of these threads had a 40 to 50A minimum width. These pronounced threadlike projections exhibited pronounced lattice spacing electron diffraction reflections of 7.1A, 3.5A, and 1.5A and were considered to represent the second major stage in the formation of a chloritic diagenetic modification of montmorillonite. Selected area electron diffraction techniques were used in these studies (see section on Methods, under General Discussion).
In systems of 40 to 48 month age, aggregates of the chloritic threads appeared with increasing frequency, and random distribution of localized fields of thin, irregular aggregates was noted. Such aggregates, which have a "frozen" appearance, are typified by the field shown in Figure 10 . The chloritic threads decreased or equilibrated in apparent amount as the frequency of such aggregate fields increased. The aggregates were found to exhibit chloritic lattice spacing characteristics including a weak 14A spacing.
Traces of platelike forms, shown in Figures 11 and 12 , were found in chloritic and illitic separates isolated at a system age of 50 to 60 months. In addition, localized heterogeneous fields, of very indistinct electron microscopic appearance, were distributed at random throughout the bulk of the total clay material removed from systems of similar age. These heterogeneous fields contained threadlike material, thin "frozen" aggregates, and many poorly defined flakes or particles of a size finer than four hundred millimicrons.
FIcunE 11. --Thin plate from chloritic separate at 50-60 months. Chloritic threads, aggregates, and plate-forms characterized the 54 to 60 month separate, $3 (8.6 percent), described chemically on Tables 9 and 10 . These chemical data, in conjunction with selected area electron diffraction data that indicate a shift in the 1.5A spacing toward slightly higher values (1.53 to 1.54A), argue for the acceptance of the platelike form, shown in Figure 11 , as a discrete form of chloritic clay--a definite diagenetic modification of the reference montmorillonitic clay. Reaggregation and recrystallization processes have so altered the chemical constitution that neither ion exchanges at the surface of the clay micelle nor localized imperfections in the original montmorillonitic lattice are sufficient to explain the chemical changes observed. Replacement in both the octahedral and tetrahedral layers is apparently involved. Indications of the partial development of a trioctahedral layer, i.e., the shift in the 1.5A spacing, suggest that magnesium has entered the octahedral layer. Further, the decrease in the SIO2:R203 and SiOz:Al.~Oa ratios (Table 10) suggest that aluminum or iron, or both, has replaced part of the silicon in the tetrahedral layer.
Additional evidence for the loss of silica is indicated by the occurrence of translucent platelets in the 54 to 60 month illitic separate, $3 (Table 10) . A typical platelet is shown in Figure 12 , in conjunction with fine illitic material. These platelets exhibit electron diffraction characteristics similar to those of silica precipitated from sodium silicate solutions by the addition of artificial sea water. The pronounced decreases in ion-exchange capacities shown for the separates in Table 9 also support the probability of substitution in the tetrahedral layers.
The 54 to 60 month illitic separate, $4 (Tables 9 and 10) was characterized by strong spacing reflections at 10A, 3.3A, and 1.52A and a weak reflection at 5.0A. The chemical data also emphasize the probability of both tetrahedral and octahedral layer alterations.
Efforts by the authors to induce major changes in reference montmorillonites by treatment with ionic solutions of lesser complexity than artificial sea water have not been successful. However, in a solution containing magnesium, sodium, potassium, and chloride ions, minor indications of threadlike extensions of chloritic material were observed after 50 months of treatment. For the most part, however, changes were confined to the type represented by the 8 to 12 month stage in artificial sea water. Lattice spacings of illitelike and chloritelike type were observed but changes in chemical composition were within the limits of possible ion exchange at unit cell surfaces.
In artificial sea water, the amount of modification of montmorillonite clay was found to be more dependent upon the magnesium-potassium ratio than upon the total concentration level. The ideal magnesium-potassium ratio was of the order of 9.4, provided the sea water chlorinity was in the range 7.2 to 19.4 grams per kilogram and the potassium was not less than 0.005 molar. The effects of variation of this ratio are shown by curves A, B, C, D, and E in Figure  13 . These results are confined to montmorillonitic material of less than 0.5 micron settling diameter in distilled water (Whitehouse and Jeffrey, 1953) . In contrast, Table 2 lists the value of 12 as the ideal magnesium-potassium ratio for flocculation of montmorillonite in ionic solutions of lesser complexity. In marine water of average composition this ratio is approximately five to one and the representative results previously discussed are dependent in magnitude upon such an average marine water ratio. Further, the initial settling size of the montmorillonite was found to be influential in this connection. Material with a settling diameter of less than 0.3 micron in distilled water exhibited an ideal magnesium-potassium ratio of 18.2 and a limiting potassium concentration of 0.003 molar.
Below a sea water chtorinity of 7.2 and below a potassium concentration of 0.003 to 0.005 molar, the modification of the montmorillonitic clay did not progress beyond that characteristic of the 8 to 12 month stage in the representative system described herein. Modifications of material formed in potassium-free sea water were found to be essentially reversible by washing with 0.5 molar sodium chloride solution, i.e., chloritic spacing reflection characteristics were completely removed. The percent modification cited on Figure 13 includes all material separated that was not considered entirely montmorillonitic at fifth year age. For example, the percent modification of the representative case discussed includes the separates $2, Sa, and $4 on Table 9 --a total of 22.4 percent.
The relative physical characteristics of settling montmorillonitic clay entities in artificial sea water are shown in Figure 14 . These studies were carried out by the critical point method (see section on General Discussion, Methods). No s~ ~ o~ "6 o major increase in solid clay content per settling unit is necessary to increase the effective settling density over the chlorinity range of 8 to 18 grams per kilogram. It should also be noted that the potassium concentration of artificial sea water attains a level of 0.005 molar at a sea water chlorinity of 8 grams per kilogram. This is the limiting potassium concentration, previously cited, for the initiation of major diagenetic change by artificial sea water. The ionic effects above a chlorinity of 8 grams per kilogram serve to gather the fibrous material into aggregates of greater effective density but the aggregates are not flattened into platelike form. The maximum one-dimensional measure of the settling entities decreases as the chlorinity increases above a value of 8 grams per kilogram despite the fact that the settling rate increases as a consequence of the increasing effective density of the flocculates. In systems that contained no potassium, this effect was not observed. In such systems, localized fields of apparently increasing solid clay content characterized the entire chlorinity range from 0 to 19 grams per kilogram.
On the basis of this information, it was assumed that the observed diagenetic modi]ications of montmorillonitic clay were initiated by the flocculation action of artificial sea water in the chlorinity range 8 to 18 grams per kilogram. Further, in systems formed without flocculation and settling, no diagenetic modi-]ications were found.
However, organic materials in actual sea water will probably influence the type and rate of alteration of the clay. Whitehouse and Jeffrey (1953a) have previously reported that settling montmorillonitic clays extracted dissolved raffinose from artificial sea water and kaolinitic and illitic clays did not. Later studies have shown that montmorillonitic clays also preferentially extract raffinose rather than potassium from artificial sea water, and no major alteration of the clay develops in systems prepared with artificial sea water containing the carbohydrate raffinose or the carbohydrate fucoidin (see section on General Discussion, Materials). The extent of clay modification in such systems ( Fig.   13 ) represents chloritic character that could be explained by ion exchange; i.e., this modification can be reversed by washing with sodium chloride solution. Fucoidin was adsol"bed by kaolinitic and illitic clays also but was not preferentially extracted relative to potassium by these clay types. It was so preferentially extracted by montmorillonitic materials.
These data suggest that the type of diagenesis of montmorillonitic clay initiated by the ionic influences of sea water is chloritic-illitic and not discretely chloritic or illitic. Since the amount of magnesium relative to potassium required is greater as the initial size of the montmorillonite becomes less, the dominant action of the magnesium may be concentrated between montmorillonitic threads and the corresponding influence of potassium may be somewhat simultaneously active in interlayer positions. If the carbohydrate materials discussed were dominantly adsorbed in interlayer positions rather than thread surface positions, the tendency to block potassium extraction from sea water would seem reasonable. If a loosely packed montmorillonitic core has devel-oped before the sea water chlorinity attains a value of 7.2 grams per kilogram, then a chloritic-illitic sheath may form near the outside of this core at higher chlorinities. Such a sheath would, however, fold into the core at random positions. Later chemical changes would induce directional strains within the lattice, or develop density gradients within the settled mass, that would promote self-separation into phases or facilitate gravitational settling fractionation into separate phases. Reaggregation or recrystallization, or both, would represent subsequent stages of development.
Systems that were reagitated at frequent intervals during the first two years were characterized by an increase in development of illitic modifications and a decrease in development of chloritic modifications. Systems reagitated weekly for two years (and not reagitated the subsequent three years) were characterized by fifth year age alterations of the original montmorillonitic clay to the following extent: Chloritic, 7.8 percent; illitic, 4.1 percent; indeterminate (chloritic-illitic), 10.6 percent. In comparison, similar systems, not reagitated, produced 8.6 percent chloritic, 3.4 percent illitic, and 10.4 percent indeterminate material after five years of aging. Systems that were agitated at weekly intervals for 54 to 60 months did not progress beyond the 12 to 18 month stage shown in Tables 7 and 8 . Resuspension and transport of deposited material in the marine environment would apparently favor illitic development and reduce chloritic development from montmorillonitic material.
Two types of effects related to the amount of montmorillonite settled through a unit volume of sea water were observed. The first effect has already been indicated. The more tightly compacted portion of the montmorillonitic core, which has developed by flocculation before a sea water chlorinity of 7.2 grams per kilogram is reached, probably resists further immediate alteration of interlayer positions by ion exchange and thereby limits the double action of magnesium and potassium to the outer loosely compacted fringes of the core. In any event, the induced diagenetic transformations observed were limited to 20 to 30 percent of the total amount of montmorillonitic material employed in any single clay-artificial sea water system. However, repeated passes of 2-gram portions of montmorillonitic material through the sea water lowered the magnesium and potassium concentration of the water. Consequently, whenever the potassium concentration dropped below 0.005 molar (or 0.003 molar for < 0.3 micron material), a more pronounced bulk effect became operative. In fact, the dominant change in this additional material was magnesium-enrichment of the ion exchange positions. Further, the later rate of development of illitic and chloritic separates from the initially deposited material was slightly restrained. This bulk effect became operative in the representative system discussed herein after 50 grams of montmorillonitic material was settled through the same liter of artificial sea water. In a system formed on the basis of 100 grams of clay per liter of sea water, the extent of alteration of the first 50 grams of material reached the values shown for the representative material in Table 9 in approximately 60 to 64 months rather than in 54 to 60 months.
Finally, samples of marine sedimentary deposits, from two different locations in the near-shore waters of Gulf of Mexico, were studied for comparison purposes. Material that exhibited montmorillonitic, illitic and chloritic characteristics on the basis of x-ray diffraction was examined by electron microscopy for detection of any clay mineral forms comparable in physical appearance to the altered clay materials found in the artificial sea water systems. Forms similar to that shown on Figure 7 were found in samples from Atchafalaya Bay, Louisiana, waters (see section on General Discussion, Materials), but no evidence of the "growing" fields shown in Figures 8 and 9 was found. Traces of such fields were, however, observed in sedimentary materials collected in the near-shore waters off Port Arthur, Texas.
CONCLUSIONS
The data collected support the contention that diagenetic modification of montmorillonitic clay materials to illitic and chloritic clay types can occur in marine environments. Such alteration of clay type can be promoted by the influence of the inorganic ionic constituents of sea water alone. In contrast, no major transformations of illitic or kaolinitic clay materials to other clay types in similar environments were indicated. The results obtained do not necessarily exclude such transformations, however, in terms of geologic time. Further, the probable influence of mixtures of clay types upon the extents and rates of alteration has not been evaluated.
The data also support the conclusions of Foster (1954) that the relationships between three-layer or mixed-layer clay mineral types can not be explained satisfactorily on the basis of exchange or fixation of ions between unit cells of the clay lattices. Reaggregation or recrystallization, or both, are essential to the permanent transformation of clay types.
The initiation of the observed diagenetic modification of montmorillonitic material occurs during the flocculation and settling stages in sea water. Progressive development toward discrete chloritic and illitic clay modifications continues within the deposited material.
The extent of modification of the clay is more dependent upon the magnesium-potassium ratio in sea water than upon the total salt concentration of such water, but the presence of other inorganic ions probably promotes or accelerates the alteration of the clay by partial control of ion-exchange mechanisms. Organic materials in sea water may retard or inhibit the initiation of diagenesis during the flocculation and settling stages of the clay material.
Resuspension of deposited montmorillonitic material in artificial sea water favors the formation of illite and retards the development of chlorite. However, the ultimate development Of either modification depends upon the somewhat simultaneous initiation of chloritic and illitic transformations. Independent development of a discrete illitic or a discrete chloritic phase was not observed.
The extent of diagenetic modification is limited by the bulk of the montmorillonite concerned in relation to the potassium and magnesium concentrations in the sea water. It is also limited by the fresh water "settling size" of the clay material and by the texture of flocculates formed below a sea water chlorinity of 7.2 grams per kilogram.
The distribution of clay mineral types in an actual marine environment can not be explained on the basis of diagenetic processes alone, however. Source materials and differential flocculation processes must also be considered, and possible biological influences can not be disregarded. Physical transport of clay minerals in marine water must also be better understood.
For example, progressive increases in a concentration of one clay mineral type relative to the concentration of another in associated marine deposits are not necessarily reflections of diagenetic processes induced by saline waters of different chemical composition or ionic strength. If one material settles more rapidly than another, resuspension of a clay mineral suite, with net forward transport, might tend to increase the relative amount of the material with a more rapid settling rate. Such would occur if the total clay mineral content at subsequent depositional sites progressively decreased. The situation would be further complicated by differential horizontal transport in turbulent water and by any clay mineral transformations that might be induced by biological organisms. Indeed, with no intent to be facetious, it could be said, in a general way, that biological organisms might produce a clay mineral type such as kaolinite by intaking or inhaling montmorillonite, extracting silica, and excreting the kaolinite.
Consequently, interpretations of distributions of clay mineral suites on the basis of a single hypothesis should be used only with caution. In many cases, such distribution may well be the consequence of the integration of multiple factors operative in marine environments.
